), suggesting an attributable risk of ∼20%. In the multivariable case-control analyses, traditional CVD risk factors and latest CD4 + cell count !500 cells/mm 3 , but not cumulative use of ARV class or individual drugs, were associated with higher odds of experiencing CVD events.
Conclusion. CD4 + count !500 cells/mm 3 is an independent risk factor for incident CVD, comparable in attributable risk to several traditional CVD risk factors in the HIV Outpatient Study cohort.
Studies have demonstrated increased risk for incident cardiovascular disease (CVD) among persons living with human immunodeficiency virus (HIV) infection [1] [2] [3] [4] [5] [6] [7] associated with traditional CVD risk factors (eg, tobacco use and hypertension), exposure to various an- History of IDU 227 (11) 37 (5) 90 (16) 38 (10) 62 (16) !.001
Prior AIDS-defining illness, n (%) 728 (36) 209 (31) 204 (36) 139 (38) risk score (10-y CVR) and restricted analyses to patients who had у2 outpatient encounters (eg, clinical office visit, phone contact, and laboratory visit) and who, during 12 months before and up to 9 months after baseline had у2 blood pressure (BP) measurements recorded and у1 fasting lipid panel measured. To assess for potential selection bias, we compared demographic and HIV-specific factors of patients included in our analysis with those of patients excluded because of inadequate data to calculate 10-y CVR. We calculated rates of incident CVD events per 100 personyears. An incident CVD event was defined as any of the following diagnoses: myocardial infarction, nonembolic/nonhemorrhagic stroke, coronary artery disease (CAD), angina, and peripheral arterial disease. Observation time began at the baseline date and was censored at the date of CVD event for persons who developed the outcome or at the earliest of last HOPS contact, date of death, or 30 September 2009 for persons who did not experience the outcome.
We categorized HOPS patients using baseline Framingham 10-y CVR into 4 categories as defined by the 2001 National Cholesterol Education Program Adult Treatment Panel-III (NCEP III) guidelines [28] , and we conducted the study during the time period when these guidelines and their updates were in force. In this analysis, major risk factors used for calculating 10-y CVR included cigarette smoking (past or current), hypertension (BP 1140/90 mmHg, diagnosis of hypertension, or prescription of antihypertensive therapy with a diagnosis of hypertension regardless of BP), serum high density lipoprotein cholesterol (HDL-C) !40 mg/dL for men and !50 mg/dL for women, family history of premature CVD (in men, first-degree relative with age !55 years; in women, first-degree relative with age !65 years), older age (men у45 years; women у55 years), and presence of a coronary heart disease (CHD) risk equivalent (eg, diabetes mellitus or prior peripheral or central arterial disease). Patients with р1 major risk factor and no history of CHD risk equivalents had a 10-y CVR !10% and were categorized as being at low risk (LR). Among patients with у2 major risk factors, patients with a 10-y CVR !10% were categorized as being at moderate risk (MR); those with a 10-y CVR of 10%-20% were classified as being at moderately high risk (MHR); and those with known CHD, a CHD risk equivalent, or a 10-y CVR 120% were classified as being at highest risk (HR , by individual agents (eg, zidovudine, abacavir, and tenofovir), and by groups of single agents with shared toxicity profiles (eg, the "d-drugs": stavudine, didanosine, and zalcitabine). For each category of ARV exposure, we calculated the total length of time exposed since HIV diagnosis and during observation after baseline.
We performed a cohort analysis to assess the association of baseline characteristics with subsequent CVD events. We also performed a nested case-control study to explore associations of nadir, baseline CD4 + cell counts and most proximal CD4 + cell count (termed latest CD4 + cell count) with incident CVD events. Case patients were patients who experienced an incident CVD event during observation. For each case patient, we randomly selected 4 control subjects who were patients under observation during the calendar year in which the correspond- ing case patient's incident CVD event had occurred but who had not experienced an incident CVD event while under observation. For cases, the latest CD4 + cell count was defined as the determination closest to the CVD event within the 12 months preceding the event. For control subjects, the latest CD4 + cell count was defined as that value closest to the midpoint of the calendar year during which the CVD event of the corresponding case patient had occurred.
Patient characteristics were compared using the Yates corrected x 2 test or Fisher's exact test for categorical variables and the Wilcoxon rank-sum test for continuous variables for 2-group comparisons. For cohort analyses, Cox proportional hazards regression was used to assess the association of various baseline clinical and demographic factors with incident CVD events. We calculated the population attributable risk (AR) associated with each factor by considering the prevalence of exposure in the study population and the multivariable hazard ratio associated with that factor using standard formulas [29] . For case-control analyses, we used logistic regression to assess the association of the following baseline factors with the odds of experiencing an incident CVD event: 10-y CVR, nadir, baseline, and latest CD4 + cell count; HIV viral load (VL); injection drug use (IDU); race and ethnicity; type of health insurance: and cumulative exposure both to major classes of ARVs and to individual ARV agents.
Summaries of descriptive data, univariate analyses, and Cox proportional hazards regression modeling were performed with SAS, version 9.1 (SAS Institute). Statistical estimates with 2-sided P-values !.05 were considered to be statistically significant.
RESULTS
Of 5382 patients with у1 outpatient encounter in the HOPS on or after 1 January 2002, we excluded 3377 for the following reasons (applied hierarchically): 165 had !2 encounters, 896 had !1 year of observation after baseline, 154 had their first HOPS visit after 1 October 2007, 1304 had no lipids measured and recorded during the 12 months before and 9 months after baseline, and 858 had !2 BP readings. The 2162 patients who were excluded because of a lack of requisite lipid measurements or blood pressure readings were similar to the 2005 included patients by race and ethnicity, but they were significantly younger (median age, 40 vs 42 years; ), were more likely to P ! .05 have been male (82% vs 76%), were more likely to have been privately insured (66% vs 57%), were less likely to have been using or have previously smoked tobacco (51% vs 55%), or to have received a diagnosis of an AIDS-defining illness (22% vs 36%), diabetes mellitus (4.6% vs 9.0%), hypertension (24% vs 49%), or to have had a body mass index 125 kg/m 2 (13% vs 49%) at baseline.
Of 2005 patients analyzed, we categorized 675 (33.7%) as having NCEP III-defined LR for CVD, and 565 (28.2%), 365 (18.2%), and 400 (20.0%) as MR, MHR, and HR, respectively ( Table 1) . The study population analyzed had a baseline median age of 42 years and was predominately male (76%) and white (52% were non-Hispanic white, 33% were non-Hispanic black, and were 12% Hispanic). At baseline, 49% of patients had hypertension, 9% had diabetes mellitus, and 55% were current or former tobacco smokers. Median values for LDL cholesterol (LDL-C), HDL-C, non-HDL cholesterol (non-HDL-C) and triglycerides (TGs) were 105, 37, 164, and 163 mg/dL, respectively. At baseline, median CD4 + cell count was 395 cells/mm 3 , and median nadir CD4 + cell count was 197 cells/mm 3 . Baseline median HIV VL was 419 copies/mL, and 49% of patients were virologically suppressed (HIV VL !400 copies/mL). Median length of subsequent follow-up was 5.5 years (interquartile range [IQR], 3.2-7.7 years) and did not differ statistically among the 4 CVR groups ( Table 1) .
As expected, for most of the traditional CVD risk factors at baseline, the percentage of patients with each risk factor increased significantly across categories of increasing 10-y CVR with the exceptions of distributions for race and ethnicity, follow-up time, and diabetes mellitus (all 190 individuals with diabetes mellitus were placed in the HR category). Total years of exposure to ARV classes and individual drugs increased across categories of increasing 10-y CVR (Table 1) .
One hundred forty-eight individuals (7.4%) experienced an incident CVD event (Figure 1) . In univariate analysis, the incidence rate for CVD events among LR patients was 0.4 cases per 100 person-years (14 CVD events); rates for patients in the MR, MHR, and HR categories were 0.9 (27 events), 2.3 (45 events), and 3.0 (62 events) cases per 100 person-years, respectively ( by Poisson distribution). Traditional car-P ! .001 diovascular risk factors measured at baseline, having public or no insurance at baseline, and baseline CD4 + cell count !500 cells/mm 3 were all statistically associated with higher rates of incident CVD events ( ) (Table 2 ). Incidence of CVD did P ! .05 not differ statistically by race or ethnicity, history of IDU, or calendar year of entry into HOPS. Exposure to certain ARVs since receipt of HIV diagnoses and during observation, such as NRTIs, NNRTIs, and tenofovir, was associated with reduced incidence of CVD in crude analyses (Table 2) . Of note, exposure to HAART during observation was also associated with reduced incidence of CVD (Table 2 ).
In the multivariable analyses using Cox proportional hazards models (Table 3) , baseline CD4 + cell counts !350 cells/mm + cell count of 100 cells/mm 3 was also significantly associated with increased rates of CVD (hazard ratio, 1.08; 95% CI, 1.01-1.14). Association of low CD4 + cell count with increased rates of CVD remained significant and without marked change after further adjustment for baseline IDU, frequency of alcohol use, and baseline HIV VL in model 2; none of these additional covariates were independently associated with rates of CVD or appeared to act as confounders in the association between low CD4 + cell count and CVD risk. In our study population, we found that the attributable risk of incident CVD events for baseline CD4 + cell count !500 cells/mm 3 was 25.6%, a value comparable to that for tobacco smoking and dyslipidemia and greater than the attributable risks associated with male sex, hypertension, or diabetes (Figure 2 ). Similar relationships were observed using a cutoff value of CD4 + cell count !350 cells/mm 3 (data not shown).
In the case-control analysis, latest CD4 + cell count !500 cells/ mm 3 was independently associated with increased odds of incident CVD (Table 4 ). Findings were similar in an alternate model when we analyzed latest CD4
+ cell count as a continuous variable per 100 cells/mm 3 increase (odds ratio, 1.14; 95% CI, 1.06-1.22). When introduced into the multivariable logistic regression model one at a time, no class of ARVs or individual ARV agent was associated with incident CVD events.
DISCUSSION
We found that, in addition to traditional cardiovascular risk factors, a lower CD4 + cell count was independently associated with increased risk of incident CVD events. For our population, the percentage of incident CVD events attributable to baseline CD4 + cell count !500 cells/mm 3 (compared with у500 cells/ mm 3 ) was on par with that for certain traditional CVD risk factors. We did not detect associations with use of any ARVs by class or by agent.
The increased risk of CVD among HIV-infected patients has been associated with traditional factors that are highly prevalent in the HOPS cohort and in other HIV-infected cohorts [1-7, 30, 31] , as well as with exposure to specific ARVs. ARV exposures have been associated directly with CVD [1, 2, 7-20, 32, 33] and with risk for intermediary conditions in the causal pathways leading to CVD, such as insulin resistance, diabetes mellitus [8, 8, 12] , and elevations in lipids [3, 5, 6, 8, 9-13, 18, 20, 33] . Some agents, notably ritonavir, elevate TG levels [13] [14] [15] [16] 18] .
Lack of a direct association of ARVs with incident CVD in our study is notable. The association between certain ARV exposures and 10-y CVR in crude analyses were no longer apparent after controlling for traditional CVD risk factors and HIV disease factors. ARV therapy may alter lipids to increase the risk of CVD, but it may also reduce risk because of suppression of HIV replication or HIV-associated inflammation. This analysis was not powered to assess the contribution of individual ARV agents to cardiovascular events.
The associations of ARVs with the intermediary conditions mentioned above must be placed in the context of cholesterol metabolism in HIV infection and the lipid changes that accompany antiretroviral therapy. Untreated HIV infection is associated with abnormally reduced levels of total cholesterol (TC), LDL-C, and HDL-C and higher levels of TGs. Initiation of HAART increases TC and LDL-C levels to their premorbid levels. HDL-C improves, but it rarely returns to normal levels [34] . TGs become elevated in some patients who receive ARVs; however, in most cases, the TG elevations are modest. TG levels 1400 mg/dL inhibit disposal of LDL-C by LDL-C receptors. Small or modest elevations in TGs have minimal impact on LDL-C disposal [35] .
In addition, there is growing evidence that HIV or the inflammatory response to HIV infection contributes independently to the development of atherosclerosis. Both the Strategies for Management of Antiretroviral Therapy (SMART) [36] and Data Collection on Adverse Events of Anti-HIV Drugs (D:A: D) [27] studies have suggested an association between lower CD4 + cell counts and incident cardiovascular events. Lower CD4 + cell counts are associated with elevated levels of serum markers of inflammation and increased levels of activated CD4 + T cells. Activated CD4 + T cells are frequently present in atherosclerotic lesions in the general population [23] . The chronic inflammation that accompanies uncontrolled or more advanced HIV disease consists of many of the same inflammatory cells and proinflammatory cytokines that destabilize atherosclerotic plaques. The particles contained in these plaques are immunogenic and trigger an inflammatory cascade that results in plaque rupture and coronary artery thrombosis [22, 23, 37] . The chemokine receptor CCR5 resides in the intima media of arteries, directing monocytes and recruiting T cells to these arteries [38] [39] [40] .
Our study has several limitations. We analyzed data collected by chart abstraction from routine clinical practice. Family history of CVD and tobacco use history may have been incompletely charted. We used stringent inclusion criteria that relied heavily on the presence of specific clinical and laboratory documentation, and patients missing required test results were excluded. Patients for whom adequate inclusion data were available were likely perceived or known to be at greater risk of CVD, and therefore our study population was probably enriched in patients more likely to experience CVD events (ie, 49% had baseline BP 1140/90 mmHg), limiting generalizability of our findings and raising the possibility of selection bias. The relatively small number of incident cardiovascular events limited our statistical power and potentially limited our ability to detect some weaker associations (in particular, associations between ARV exposures and CVD events). It also prevented a more detailed analysis of risk factors (eg, separate analysis for men and women), which has been possible in larger HIVinfected and uninfected cardiovascular cohorts. Most large studies have used acute myocardial infarction or acute coronary syndrome as the outcome of interest. We chose to look at a broader group of clinical cardiovascular events that are known to result from atherosclerosis. Therefore, it may not be possible to draw comparisons between our study and analyses that studied only myocardial infarction. We would caution about generalizing the attributable risks that we calculated, because these are specific to this population and may not be representative of all HIV-infected persons in the frequencies of the risk factors examined (eg, hypertension and tobacco smoking). Nonetheless, our data support prior observations that HIV infection in itself is a risk factor for CVD not dissimilar in magnitude to some traditional risk factors for CVD events [41, 42] . A study such as ours is observational and can only address associations, not causality, and is subject to unmeasured confounders. It is possible that levels of another laboratory marker (of inflammation) closely associated with CD4 + cell count, rather than CD4 + cell count itself, drove or determined the association with increased risk of CVD that we observed.
In our study, CD4 + cell counts !500 cells/mm 3 conferred an attributable risk for incident CVD commensurate with or greater than some traditional cardiovascular risk factors. Our observations support the need for randomized controlled trials to assess whether earlier initiation of ARVs and avoidance of treatment interruptions will reduce the incidence of cardiovascular events. Like several other HIV-associated co-morbidities, CVD results from the interplay of multiple risk factors, including both traditional risk factors and those related uniquely to HIV infection. Much emphasis has been placed on avoiding ARV agents that have been associated with CVD. In addition to timely initiation of ARV therapy and selecting appropriate antiretroviral therapy in patients at substantially elevated risk of CVD, we believe that greater emphasis should be placed on improving management of traditional CVD risk factors and encouraging therapeutic lifestyle changes (eg, smoking cessation, exercise, weight loss, and dietary modification) in accordance with NCEP III guidelines.
